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(57) ABSTRACT 
A data buffering device which contains an input unit adapted 
to sequentially receive a two-dimensional array of data struc 
tures organized by an index pair with a ?rst index stepwise 
traversing ?rst-index values in a meandering manner de?ned 
by a ?rst and a second meandering direction. The invention 
further includes a data buffering method, and a data process 
ing method and device; each of which incorporates the above 
described features of the data buffering device. 

21 Claims, 6 Drawing Sheets 

600 ‘DAM 
BHFFe/l/n/é 
Device 

ME—> <—MC 

60B I'D/Ive“ 

L 604 
u w Sr 606 B FFéQ s 

l ,rvpur (On-MOL ulvi‘r 
seam»: I 

C Ill-cu Lhlk ’\ 
BuF-RIL 602 

0 
MC 





US. Patent Aug. 30, 2011 Sheet 2 of6 US 8,009,174 B2 

1 2 3 4 5 7 300 

Ry W0 
R2 W1 

Ry W2 
R4 w3 

Ry W4 

Ry W6 

FIG.3 



US. Patent Aug. 30, 2011 Sheet 3 of6 US 8,009,174 B2 

:TUE 
gum 

050E 

QTBE 

UTUE 
UTUE 
QTUH 

mTwE 



US. Patent Aug. 30, 2011 Sheet 4 of6 US 8,009,174 B2 





US. Patent Aug. 30, 2011 Sheet 6 of6 US 8,009,174 B2 

700 

[U 
Dance 

J L CW Wm’ 
706.1 706.2 

99mm! Séc‘nO/v 
am- mo 0; mea- (tun 

OI- man 09cm 
Lev“. C?c?é 

708 LOW LH/EL 
CHM): memufzy 

708.1\_J I I V7082 géc‘noN 7100 0; Law 
a‘ to“) Liv“ can 
Lem; 
Q44: 

FIG.7 



US 8,009,174 B2 
1 

PROCESSING A DATA ARRAY WITH A 
MEANDERING SCANNING ORDER USING A 

CIRCULAR BUFFER MEMORY 

The present invention relates to a data buffering device 
comprising an input unit adapted to sequentially receive a 
tWo-dimensional array of data structures organized by an 
index pair With a ?rst index stepWise traversing ?rst-index 
values in a meandering manner de?ned by a ?rst and a second 
meandering direction. The invention further relates to a data 
buffering method, and a data processing method and device. 

Processing of a tWo-dimensional array of data structures is 
an ubiquitous task. It is of particular importance in image 
processing and video processing. With the arrival of neW 
digital television signal standards like High-De?nition Tele 
vision (HDTV), and the spreading of loW-end video formats 
such as CIF for video-conferencing, conversion betWeen dif 
ferent video standards has become a task not only for profes 
sional studios in the broadcast chain, but also for consumer 
electronics devices. For example, image-rate conversion is 
noW being performed by enhanced television displays having 
?eld rates up to 100 HZ, computer Work stations and DVD 
players. 
One branch of image-rate conversion techniques uses 

motion-compensated methods. Known methods for motion 
compensation are based on the principle that knoWledge of 
object motion in a video sequence alloWs to interpolate image 
data betWeen tWo successive video images. The interpolated 
image data is used to generate an intermediate image for 
display, and thus for increasing the image rate. The motion of 
objects in a video sequence is ascertained by motion estima 
tion techniques. Typical motion estimation algorithms, such 
as described in US 2003/0103567 A1, apply block-based 
methods, in Which for a selected pixel block, for instance 
containing 8x8 pixels, a search area is de?ned that surrounds 
the pixel block in the succeeding image, the selected pixel 
block being positioned in its center. The output of a motion 
estimation algorithm is a tWo-dimensional array of motion 
vectors, each motion vector being assigned to a respective 
pixel block. A motion vector is the projection of a motion 
trajectory on the image plain. A motion trajectory is the line 
that connects identical image parts in a sequence of video 
images. 
A set of motion vectors allocated to the pixel blocks of a 

video image thus forms a tWo-dimensional array of data struc 
tures. A motion compensation process uses the motion vector 
allocated to a respective pixel block as an input. Since all 
display devices scan an image from left to right and from top 
to bottom, motion compensation methods folloW this pre 
de?ned standard scanning order. 
US 2003/0161403 A1 describes a device for transforming 

a scanning format, in Which a motion estimator provides a 
motion vector to a motion compensator. The motion estimator 
comprises a buffer memory for storing motion vectors, Which 
are read by the motion compensator. 

It has recently been shoWn that a meandering scanning 
orderused in a motion estimation process increases the image 
quality of interpolated video images. In using a meandering 
scanning order, a motion estimation process scans consecu 
tive pixel-block lines in opposite directions, e. g., a ?rst pixel 
block line from left to right, a neighboring second pixel-block 
line from right to left, a folloWing third pixel-block line from 
left to right, and so forth. Similarly, a meandering scanning 
order can also be column-based, e.g., a ?rst pixel-block col 
umn of a video image is scanned from top to bottom Whereas 
a neighboring second pixel-block column is scanned from 
bottom to top, a consecutive third pixel-block column is 
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2 
scanned from top to bottom again, etc. Generally speaking, a 
meandering scanning order implies that one index of an index 
pair, Which describes the arrangement of the pixel blocks, 
stepWise traverses an ordered set of index values, alternately 
in a ?rst direction and an opposite second direction, With 
prede?ned boundary index values marking the turning points. 
At each turning point, the second index changes by one step 
in a prede?ned direction. 
The use of different scanning orders in motion estimation 

and motion compensation algorithms makes buffering of the 
output of a motion estimator more dif?cult. Different motion 
vectors need to remain in the buffer for different time spans, 
until they are in order to be read by the motion compensator. 
The problem can be solved in an obvious manner by provid 
ing a buffer memory, Which is large enough to store a com 
plete meandering period of motion vectors. HoWever, provid 
ing a larger buffer memory for compensating different 
scanning orders is costly With respect to chip area and energy 
consumption. In addition, buffering a larger number of 
motion vectors increases the latency betWeen the tWo pro 
cesses of a motion estimator and a motion compensator. The 
motion compensator is a complete meandering period, for 
example tWo-pixel block lines, behind the motion estimator. 

It is an object of the present invention to provide a data 
buffering method and device that alloWs to decrease the stor 
age capacity for data structures forming a tWo-dimensional 
array provided by a ?rst process in a meandering order and to 
be read out by a second process having a non-meandering 
scanning order. 

It is a further object of the invention to provide a data 
processing device having a ?rst processing unit sequentially 
providing a two-dimensional array of data structures in a 
meandering manner, and a data buffering device, Which 
alloWs to decrease the storage capacity of the buffer memory 
for reading access by a second processing unit having a non 
meandering scanning order. 

According to a ?rst aspect of the invention, a data buffering 
device is provided, comprising 

an input unit adapted to sequentially receive a tWo -dimen 
sional array of data structures organiZed by an index pair With 
a ?rst index stepWise traversing ?rst-index values in a mean 
dering manner de?ned by a ?rst and a second meandering 
direction, 

a circular buffer memory having a predetermined number 
of memory locations addressable by means of an ordered set 
of pointer values, 

and a buffer-control unit, Which is connected to the circular 
buffer memory and to the input unit, and Which is adapted to 
assign to an index pair of a current incoming data structure a 
Write-pointer value from the pointer-value set in a periodical 
manner and to Write the current incoming data structure to the 
corresponding memory location, one Write-pointer assign 
ment period having 

a ?rst Write-pointer assignment phase, during Which the 
?rst index stepWise traverses the ?rst index-value set in the 
?rst meandering direction, and the Write pointer stepWise 
traverses pointer values in a ?rst rotation direction de?ned 
Within the pointer-value set, 

a second Write-pointer assignment phase, during Which the 
?rst index value changes in the second meandering direction, 
and the Write pointer stepWise traverses pointer values in the 
?rst rotation direction, 

a third Write-pointer assignment phase, during Which the 
?rst index stepWise traverses the ?rst index-value set in the 
?rst meandering direction, and the Write pointer stepWise 
traverses pointer values in a second rotation direction oppo 
site to the ?rst rotation direction, and 
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a fourth Write-pointer assignment phase, during Which the 
?rst index value changes in the second meandering direction, 
and the Write pointer value stepWise traverses pointer values 
in the second rotation direction. 

The data buffering device of the invention makes use of a 
circular buffer memory having a predetermined number of 
memory locations. Circular buffers are Well knoWn memory 
structures for the purpose of temporarily storing sequentially 
delivered data. While made up of only a ?nite number of 
memory locations, a circular buffer appears to be of limitless 
siZe, because it loops back on itself. As data are stored in 
contiguous memory locations Within a circular buffer, even 
tually a physical end of the buffer is reached. In this situation, 
the buffer continues to receive and store data beginning at its 
other physical end. 

The basic operation of a circular buffer shall be illustrated 
by Way of an example. The buffer-control unit of a circular 
buffer sequentially storing incoming data structures incre 
ments a Write-pointer value to its respective memory loca 
tions With each neW data structure. The Write pointer Will 
eventually reach an upper boundary of the set of pointer 
values. At that point, the circular buffer of this example may 
continue to store further incoming data structures using Write 
pointer values beginning from the loWest pointer value and 
then further incrementing the pointer value. The data previ 
ously stored at these memory locations are overwritten. Thus, 
the addressing of the memory locations performed by the 
buffer-control unit folloWs an endless periodical pattern that 
can be visualiZed by a circle. The increase or decrease of 
pointer values is referred to as a change of pointer values in 
opposing rotation directions. 

The size of a memory location Within the circular buffer 
memory of the invention can be chosen in dependence on the 
siZe of data structures to be stored in the circular buffer 
memory. A memory location should at least have the capacity 
to store one complete data structure received. Therefore, a 
memory location typically comprises a plurality of memory 
cells. It is Well knoWn in the art hoW to address individual 
memory cells of a circular buffer memory on the basis of 
given pointer values. 

The buffer-control unit of the data buffering device of the 
invention performs a periodical Write-pointer assignment. 
The periodical nature of the pointer assignment is coupled to 
the change of index values allocated to the individual data 
structures of the tWo-dimensional array received at the input 
of the buffering device. One Write-pointer assignment period 
has four Write-pointer assignment phases. In each of the four 
phases, one index of the index pairs allocated to the incoming 
data structures stepWise traverses a given set of index values 
for that index. Which index changes With each incoming data 
depends on Whether the data structures of the tWo-dimen 
sional array are received lineWise or columnWise. Typically, 
the index Will cover a prede?ned range of index values in each 
Write pointer-assignment phase. HoWever, With each phase, 
the direction is changed, resulting in a meandering reception 
pattern at the input unit With respect the tWo-dimensional 
array. 

The ?rst Write-pointer assignment phase is characterized 
by the index changing in a ?rst meandering direction and the 
Write pointer stepWise traversing pointer values in a ?rst 
rotation direction de?ned Within the pointer-value set. In the 
second Write-pointer assignment phase, the ?rst index value 
changes the meandering direction While the rotation direction 
of the Write-pointer assignment is kept constant. In the third 
Write-pointer assignment phase, the meandering direction 
again changes, and so does the rotation direction of the Write 
pointer assignment. Finally, in a fourth Write-pointer assign 
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4 
ment phase, the rotation direction of the pointer assignment 
remains constant While the meandering direction has again 
changed. 

For the purpose of illustration, incoming data structures 
may form a set of motion vectors calculated by With the aid of 
a motion estimator from pixel blocks forming a video image. 
Assuming that the corresponding motion vector matrix is 
provided to the data buffering device of the invention line by 
line, a complete Write-assignment period covers four lines of 
motion vectors. While the meandering direction of data struc 
tures received at the input unit changes With each line, the 
rotation direction of the Write-pointer assignment performed 
by the buffer-control unit changes every second line. 
The data buffering device of the invention alloWs providing 

access to the stored data With a minimum memory space. The 
use of a circular buffer removes the need to store a complete 
meandering period of data structures in the buffer before a 
non-meandering process can have read access to the data 
structures. This is achieved by providing a buffer-control unit, 
Which can change the rotation direction used in the assign 
ment of Write-pointer values. By making use of the coordi 
nated change of meandering direction and rotation direction 
as set forth above, memory locations Will not be overWritten 
before they have been read out. The coupling betWeen mean 
dering direction and Write pointer assignment in the data 
buffering device of the invention also alloWs reducing the 
latency betWeen Writing to the buffer and reading from the 
buffer. This Way, the data buffering device of the invention 
contributes to an increase of processing speed in data pro 
cessing devices. 
A further advantage of the data buffering device of the 

invention is that the siZe of an on-chip cache memory holding 
video data, Which is used in share by the ME and MC pro 
cesses, can also be reduced. This Will be explained in more 
details With reference to a preferred embodiment shoWn in 
FIG. 7. 

In the folloWing, preferred embodiments of the buffering 
device of the invention Will be described. 

In a preferred embodiment, the buffer control unit is 
adapted to receive read requests to the circular-buffer 
memory for data structures of the tWo-dimensional array 
according to a non-meandering read pattern, such that the ?rst 
index repeatedly traverses the ?rst index-value set in a ?xed 
read direction. A non-meandering read pattern uses the same 
direction of change of the ?rst-index values for each line or 
column respectively. 

Preferably, the buffer control unit is adapted to assign a 
read-pointer value to each index pair of a data structure, to 
Which a read request is directed, the read-pointer value cor 
responding to the Write-pointer value assigned to the respec 
tive index pair at the time of storing the corresponding data 
structure to the circular buffer memory. 

In a further preferred embodiment, the number of addres 
sable memory locations of the circular-buffer memory 
exceeds the number of ?rst-index values by one, and Wherein 
the buffer-control unit is adapted to assign to an index pair of 
a current incoming read request a read-pointer value from the 
pointer-value set in a periodical manner, one read-pointer 
assignment period having 

a ?rst read-pointer assignment phase, Which is concurrent 
With the second Write-pointer assignment phase, and in Which 
the read pointer stepWise traverses respective current pointer 
values in the ?rst rotation direction, having a pointer-value 
offset of one step in the ?rst rotation direction over the Write 
pointer, and changing from the ?rst to the second rotation 
direction in the last assigning step, 



US 8,009,l74 B2 
5 

a second read-pointer assignment phase, Which is concur 
rent With the third Write-pointer assignment phase, and in 
Which the read pointer stepWise traverses respective current 
pointer values in the second rotation direction, having a 
pointer-value offset of one step in the second rotation direc 
tion over the Write pointer, 

a third read-pointer assignment phase, Which is concurrent 
With the fourth Write-pointer assignment phase, and in Which 
the read pointer stepWise traverses respective current pointer 
values in the second rotation direction, having a pointer-value 
offset of one step in the second rotation direction over the 
Write pointer, and changing from the second to the ?rst rota 
tion direction in the last assigning step, and 

a fourth read-pointer assignment phase, Which is concur 
rent With the ?rst Write-pointer assignment phase of a next 
Write-pointer assignment period, and in Which the read 
pointer stepWise traverses respective current pointer values in 
the ?rst rotation direction, having a pointer-value offset of 
one step in the ?rst rotation direction over the Write pointer. 

In this embodiment, the buffer-control unit provides Writ 
ing and reading access to the circular-buffer memory, Which 
effectively minimiZes the latency betWeen Writing to the 
buffer and reading from the buffer. Also, the siZe of the 
circular buffer memory can be kept small by coordinating the 
Write-pointer assignment and read-pointer assignment 
phases. As a result, the reading access is only one pointer 
assignment phase behind the Writing. The present embodi 
ment coordinates read-pointer assignment phases and Write 
pointer assignment phases, such that they can be performed 
concurrently With only a small latency betWeen Writing and 
reading a particular data structure. As Will be explained in 
detail With reference to the ?gures further beloW, the latency 
betWeen reading and Writing varies to some extent due to the 
meandering scan order, With Which the input data structures 
are provided. Access con?icts, in Which reading and Writing 
requests are directed to the same memory location, are 
avoided by the speci?c coordination of read-and-Write 
pointer assignment phases. 

In a further embodiment, the buffer control unit is adapted 
to 

maintain a pointer-allocation table, Which allocates to each 
index pair corresponding to a data structure currently stored 
in the circular-buffer memory the respective pointer value, 
Which Was assigned to the index pair as the Write-pointer 
value, 

look up the respective pointer value allocated to a respec 
tive index pair contained in a current read request in the 
pointer-allocation table, 

direct the read request to the memory location having the 
respective pointer value, 

provide the data structure stored in the respective memory 
location to the second processing section. 

The present embodiment makes use of a pointer-allocation 
table, Which is used to look up the pointer of memory location 
for a particular data structure of the tWo-dimensional array, 
Which can be identi?ed in the read request by its index values. 
This embodiment is useful Where the siZe of the circular 
buffer can be kept small, alloWing a fast look-up of the pointer 
of the memory location as compared to the time needed for 
recomputing the buffer address. 

According to a second aspect of the invention, a data pro 
cessing device is provided, comprising a ?rst processing unit 
adapted to provide a tWo-dimensional array of data structures 
organiZed by tWo indices, each index taking on index values 
from a respective ordered index-value set, Wherein With each 
provided data structure a ?rst index stepWise traverses ?rst 
index values from a ?rst index-value set in a meandering 
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6 
manner de?ned by a ?rst and a second meandering direction, 
and, connected to the ?rst processing unit. The data process 
ing device of the invention comprises a data buffering device 
according to the ?rst aspect to the invention or according to 
one of the embodiments of the data buffering device 
described herein. 
The data processing device of the second aspect of the 

invention has a ?rst processing unit providing data structures, 
Which form a tWo-dimensional array in a meandering manner. 
The use of the data buffering device of the ?rst aspect of the 
invention in the data processing device alloWs to minimize the 
chip area in a hardWare implementation. This folloWs from 
the explanation set forth above, according to Which the use of 
a circular buffer alloWs to keep the buffer space small. 

In the folloWing, preferred embodiments of the data pro 
cessing device of the invention Will be set forth. 
The data processing device of the invention alloWs to 

achieve a particularly small latency in communication With a 
second processing unit, Which reads the buffered data struc 
tures in a non-meandering manner. According to a ?rst pre 
ferred embodiment, the data processing device thus has a 
second processing unit, Which is connected to the data buff 
ering device and adapted to sequentially provide read 
requests to the circular-buffer memory for data structures of 
the tWo-dimensional array according to a non-meandering 
read pattern, such that the ?rst index repeatedly traverses the 
?rst index-value set in a ?xed read direction. The second 
processing unit can be integrated With the ?rst processing unit 
into a single hardWare device. Of course, the invention Works 
also With processing units that are physically separated from 
each other. 

Generally, the term “processing unit” as used herein is to be 
understood in a purely functional Way. A processing unit may 
take the form of a circuit section, an application speci?c 
integrated circuit (ASIC), such as in the form of a microchip, 
a suitable combination of microchips, such as in a computer, 
or an array of computers. A processing device according to 
the invention comprises the ?rst processing unit. Keeping that 
limitation in mind, a processing device may as Well take any 
one of the forms mentioned above an implementation of a 
processing unit. 

In a currently most preferred embodiment, in the data 
processing device of the invention the ?rst processing unit is 
adapted to perform a motion estimation algorithm, sequen 
tially providing to the circular buffer memory a tWo-dimen 
sional array of motion vectors allocated to a corresponding 
tWo-dimensional array of pixel-data blocks, Which form sub 
arrays of a video image. The present embodiment alloWs to 
implement recent motion estimation algorithms in the ?rst 
processing unit, Which output vectors in a meandering scan 
order, While keeping the latency and the processing complex 
ity loW. 

In one embodiment, the ?rst processing unit implementing 
a motion estimator is adapted to provide the tWo -dimensional 
array of motion vectors in a horizontally meandering order, 
traversing a ?rst line of the array in a ?rst meandering direc 
tion, a folloWing line of the array in the second meandering 
direction, a next folloWing line in the ?rst meandering direc 
tion, and so forth. 
Most preferably, the second processing unit is adapted to 

perform a motion compensation algorithm and to sequen 
tially read the tWo-dimensional array of motion vectors from 
the circular buffer memory. The data processing device of this 
embodiment can be included in a e?icient high-quality pic 
ture-rate up-converter. In such an up-converter, the ?rst pro 



US 8,009,l74 B2 
7 

cessing unit implementing a motion estimator and the second 
processing unit implementing a motion compensator can be 
included in a single ASIC. 
A further preferred embodiment of the data processing 

device of the invention comprises a loW-level cache memory 
connected to the ?rst processing unit and adapted to hold a 
current sliding search area, Which is allocated to a respective 
pixel-block and forms a subarray of the complete tWo-dimen 
sional array of pixel-data blocks, Which forms a video frame. 
Inblock-based motion estimation algorithms, a search area of 
de?ned extensions around each currently processed pixel 
block is used for ascertaining a motion vector for the currently 
pixel block. When the motion estimation starts processing a 
next pixel-block, the search area is updated in that certain 
pixel-blocks are overwritten according to a replacement 
scheme Which is adapted to the meandering scan order of the 
motion estimation algorithm. Preferably, in the present 
embodiment a cache controller connected to the loW-level 
cache memory is adapted to load the pixel-data blocks 
required to maintain the search area updated for a respective 
currently processed pixel block into the loW-level cache 
memory. 

This embodiment alloWs to reduce the access frequency to 
a main memory. Therefore, by introducing the loW-level 
cache memory the bandWidth requirements of data commu 
nication betWeen a frame memory and the processing unit are 
reduced. Since a loW-level cache memory is typically located 
on the same chip as the motion estimator, While the frame 
memory is typically not, the latency of a access to the pixel 
blocks required by the motion estimator is reduced. 

The above effects can be further enhanced by introducing a 
high-level cache memory, Which is connected betWeen the 
loW-level cache memory and is connectable to an external 
memory containing at least the currently processed video 
frame. The high-level cache memory is larger in capacity than 
the loW-level cache memory. It is adapted to hold a region of 
the tWo-dimensional array of pixel-data blocks extending 
over a number of consecutive sliding search areas. Preferably, 
the cache control unit is adapted to control the fetch operation 
of the pixel-data blocks required to maintain the region 
updated. 

Preferably, the cache controller alloWs access to the high 
level cache memory to both processing units, i.e., the motion 
estimator and the motion compensator. In prior art devices, a 
rather large capacity overhead of the high-level cache 
memory Was necessary to accommodate the different scan 
orders of a meandering motion estimator and a non-meander 
ing motion compensator. In contrast, by incorporation of the 
data buffering device of the ?rst aspect of the invention, the 
required capacity of the high-level cache memory can be 
reduced. 

For example, the circular-buffer siZe for motion vectors 
derived from 1 pixel-block line plus 1 pixel block is the 
minimum for accommodating different scanning types of 
motion estimation (ME) and motion compensation (MC). 
This implies that the siZe of the high-level cache memory for 
video data shared betWeen ME and MC is also minimiZed. 
The high-level cache memory at least needs to hold several 
block-lines of video data to address the search area height 
(typically 5 block-lines for SD sequences). Thus, the over 
head memory capacity needed to address different scanning 
directions of ME and MC is one pixel-block line plus one 
pixel block. In the given example of a SD video sequence, 
only 7 block-lines are needed for the shared high-level cache 
memory. 

In a further preferred embodiment, Which is combined With 
the motion estimator performing a horiZontally meandering 
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8 
scan, the second processing unit is adapted to read the tWo 
dimensional array of motion vectors line-by-line, and each 
line from left to right. 

According to third aspect of the invention, a data buffering 
method is provided, comprising the steps of 

receiving a tWo-dimensional array of data structures orga 
niZed by tWo indices, each index taking on index values from 
a respective ordered index-value set, Wherein With each pro 
vided data structure a ?rst index stepWise traverses ?rst-index 
values from a ?rst index-value set in a meandering manner 
de?ned by a ?rst and a second meandering direction, the data 
processing method comprising the steps of 

sequentially storing the data structures provided by the ?rst 
process to a circular buffer memory having a predetermined 
number of memory locations addressable by means of an 
ordered set of pointer values, 

assigning, in a periodical manner, a Write-pointer value 
from the pointer-value set to an index pair of a current data 
structure provided by the ?rst process, one Write-pointer 
assignment period having 

a ?rst Write-pointer assignment phase, during Which the 
?rst index stepWise traverses the ?rst index-value set in the 
?rst meandering direction, and the Write pointer stepWise 
traverses respective current pointer values in a ?rst rotation 
direction de?ned Within the pointer-value set, 

a second Write-pointer assignment phase, during Which the 
?rst index value changes in the second meandering direction, 
and the Write pointer stepWise traverses respective current 
pointer values in the ?rst rotation direction, 

a third Write-pointer assignment phase, during Which the 
?rst index stepwise traverses the ?rst index-value set in the 
?rst meandering direction, and the Write pointer stepWise 
traverses respective current pointer values in a second rota 
tion direction opposite to the ?rst rotation direction, and 

a fourth Write-pointer assignment phase, during Which the 
?rst index value changes in the second meandering direction, 
and the Write pointer value stepWise traverses respective cur 
rent pointer values in the second rotation direction. 
The data buffering method of the third aspect of the inven 

tion comprises method steps performed by the data buffering 
device of the ?rst aspect of the invention. To keep the present 
description concise, reference is made to the above descrip 
tion of the data buffering device for a detailed explanation of 
the advantages of the method and its advantages. Also, terms 
used for the de?nition of the method of the third aspect of the 
invention are to be interpreted as set forth in the context of the 
description of the data buffering device of the ?rst aspect of 
the invention. 

According to a fourth aspect of the invention, a data pro 
cessing method is provided, Wherein a ?rst process provides 
a tWo-dimensional array of data structures organiZed by tWo 
indices, each index taking on index values from a respective 
ordered index-value set, Wherein With each provided data 
structure a ?rst index stepWise traverses ?rst-index values 
from a ?rst index-value set in a meandering manner de?ned 
by a ?rst and a second meandering direction. In the data 
processing method of the fourth aspect of the invention, a data 
buffering method according to the third aspect of the inven 
tion is performed. 

The data processing method of the fourth aspect of the 
invention comprises the method steps performed by a data 
processing device according to the second aspect of the inven 
tion. Again, reference is made to the above description. 

In the folloWing preferred embodiments of the data pro 
cessing method Will be mentioned. The advantages of these 
embodiments are those set forth With the description of cor 
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responding embodiments of the data processing device of the 
second aspect of the invention. 

In a further embodiment of the data processing method of 
the invention a second process sequentially provides read 
requests to the circular-buffer memory for data structures of 
the tWo-dimensional array according to a non-meandering 
read pattern, such that the ?rst index repeatedly traverses the 
?rst index-value set in a ?xed read direction. 

In a further embodiment of the data processing method of 
the invention the number of addressable memory locations of 
the circular-buffer memory exceeds the number of ?rst-index 
values by one, and comprising the steps of 

assigning to an index pair of a current incoming read 
request to the data buffer a read-pointer value from the 
pointer-value set in a periodical manner, one read-pointer 
assignment period having 

a ?rst read-pointer assignment phase, Which is concurrent 
With the second Write-pointer assignment phase, and in Which 
the read pointer stepWise traverses respective current pointer 
values in the ?rst rotation direction, having a pointer-value 
offset of one step in the ?rst rotation direction over the Write 
pointer, and changing from the ?rst to the second rotation 
direction in the last assigning step, 

a second read-pointer assignment phase, Which is concur 
rent With the third Write-pointer assignment phase, and in 
Which the read pointer stepWise traverses respective current 
pointer values in the second rotation direction, having a 
pointer-value offset of one step in the second rotation direc 
tion over the Write pointer, 

a third read-pointer assignment phase, Which is concurrent 
With the fourth Write-pointer assignment phase, and in Which 
the read pointer stepwise traverses respective current pointer 
values in the second rotation direction, having a pointer-value 
offset of one step in the second rotation direction over the 
Write pointer, and changing from the second to the ?rst rota 
tion direction in the last assigning step, and 

a fourth read-pointer assignment phase, Which is concur 
rent With the ?rst Write-pointer assignment phase of a next 
Write-pointer assignment period, and in Which the read 
pointer stepWise traverses respective current pointer values in 
the ?rst rotation direction, having a pointer-value offset of 
one step in the ?rst rotation direction over the Write pointer. 
A further embodiment of the data processing method of the 

invention comprises the steps of 
maintaining a pointer-allocation table, Which allocates to 

each index pair corresponding to a data structure currently 
stored in the circular-buffer memory the respective pointer 
value, Which Was assigned to the index pair as the Write 
pointer value, 

look up the respective pointer value allocated to a respec 
tive index pair contained in a current read request in the 
pointer-allocation table, 

direct the read request to the memory location having the 
respective pointer value, 

provide the data structure stored in the respective memory 
location to the second processing section. 

In a further embodiment of the data processing method of 
the invention the ?rst process is a motion estimation algo 
rithm, sequentially providing to the circular buffer memory a 
tWo-dimensional array of motion vectors allocated to a cor 
responding tWo-dimensional array of pixel-data blocks, 
Which form subarrays of a video image. 

In a further embodiment of the data processing method of 
the invention the ?rst processing unit is adapted to provide the 
tWo-dimensional array of motion vectors in a horizontally 
meandering order, traversing a ?rst line of the array in a ?rst 
meandering direction, a folloWing line of the array in the 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

10 
second meandering direction, a next folloWing line in the ?rst 
meandering direction, and so forth. 

In a further embodiment of the data processing method of 
the invention the second process is adapted to perform a 
motion compensation algorithm and to sequentially read the 
tWo-dimensional array of motion vectors from the circular 
buffer memory. 

In a further embodiment of the data processing method of 
the invention the second process reads the tWo-dimensional 
array of motion vectors line-by-line, and each line from left to 
right. 

In the folloWing, further embodiments Will be explained 
With reference to the ?gures. 

FIG. 1 shoWs a video frame for visualiZing a ?rst example 
of different scan orders applied by tWo different processing 
algorithms. 

FIG. 2 shoWs a video frame visualiZing a second example 
of different scan orders applied by tWo different processing 
algorithms. 

FIG. 3 shoWs a video frame visualiZing a ?rst embodiment 
of a data buffering method and of a data processing method. 

FIG. 4a)-h) shoW different operation stages of a circular 
buffer in the data buffering and data processing method of 
FIG. 3. 

FIG. 5a)-h) visualiZe the periodical nature of Write-pointer 
and read-pointer assignment in the embodiment of FIGS. 3 
and 4. 

FIG. 6 shoWs a block diagram of an embodiment of the data 
buffering device of the invention. 

FIG. 7 shoWs a block diagram of an embodiment of the data 
processing device of the invention. 

FIG. 1 shoWs a video frame 100.As is Well known in the art, 
an image or video frame can be represented by a tWo-dimen 
sional array of pixel data. The pixel data typically de?ne the 
contribution of three colors to a light intensity, Which for 
example is to be emitted by a display device When the pixel is 
displayed on a screen. The pixel data is organiZed by the 
values of an index pair, as is Well knoWn for matrix-like 
tWo-dimensional arrays of data structures. For the purposes of 
the present embodiment, the pixels of video frame 100 are 
grouped into pixel blocks, as is indicated by a grid partition 
ing the video frame into pixel blocks that form tWo-dimen 
sional sub-arrays of the video frame. One example of a pixel 
block is indicated by reference number 102. For the purposes 
of the folloWing description, the pixel blocks of video frame 
100 Will be identi?ed by a pair of indices (i, j), Which are 
shoWn along the left and top borders of video frame 100. As 
can be seen, video frame 100 contains seven pixel-block lines 
and seven pixel-block columns. 
A full arroW line 104, Which traverses the pixel blocks of 

video frame 100 in a meandering pattern, represents a scan 
order of a ?rst video processing algorithm. The ?rst process 
ing algorithm, Which is implemented in a processing unit, 
provides a data structure at its output, Which is allocated to a 
currently processed pixel block. The ?rst video processing 
algorithm may be a motion estimation algorithm, providing a 
motion vector for each processed pixel block. As can be seen 
from the meandering pattern of arroW line 104, the ?rst video 
processing algorithm processes the ?rst pixel-block line from 
pixel blocks (1, l) to pixel block (1, 7), i.e., from left to right. 
Then the second pixel-block line is processed from pixel 
block (2, 7) to pixel block (2, l), i.e., from right to left. The 
scan order folloWed in the ?rst tWo pixel-block lines is peri 
odically repeated and ends With pixel-block line i:7 being 
processed from left to right. A next video frame Will be 
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processed according to the same pattern, again starting at 
pixel block (1, 1) and processing the ?rst pixel-block line 
from left to right. 

Also shoWn in FIG. 1 is a dashed arroW line 106, Which 
represents the scan order followed by a second data process 
ing algorithm, such as a motion compensation algorithm. The 
second data processing algorithm reads the output of the ?rst 
data processing algorithm for generating an output. HoWever, 
the scan order folloWed by motion compensation algorithm 
differs from that of the motion estimation algorithm. All 
pixel-block lines i:1, 2, . . . , 7 are processed from left to right. 
After completing the processing of a current pixel-block line 
at the rightmost pixel block (i, 7), the motion compensation 
algorithm continues With the leftmost pixel block (i+1, 1) of 
the folloWing pixel-block line. 

The different scan orders of the motion estimation and 
motion compensation algorithms introduce a variable delay 
betWeen providing a motion vector for a particular pixel block 
and processing the motion vector for the purposes of motion 
compensation. This requires buffering the motion vectors 
provided by the motion estimation algorithm for a certain 
time. 

The scan orders indicated by arroW lines 104 and 106 serve 
as an example. Further combinations of scan orders of the ?rst 
and second data processing algorithms are possible. A second 
example is shoWn in FIG. 2. The graphical representation of 
a video frame 200 corresponds to that of video frame 100 of 
FIG. 1 . A full arroW line 204 indicates the scan order folloWed 

by the ?rst data processing algorithm. The processing starts 
With pixel block (1, 7) and folloWs the rightmost column (i, 7) 
from top to bottom. After processing pixel block (7, 7), pro 
cessing continues inpixel-block column (i, 6) With the bottom 
pixel block (7, 6) and folloWs that column to the top pixel 
block (1 , 6). This scan pattern is periodically repeated until all 
pixel blocks of video frame 200 have been processed. A 
second arroW line 206 indicates the scan order folloWed by the 
second data processing algorithm. Again, the second data 
processing algorithm depends on reading the output of the 
?rst data processing algorithm. The second processing algo 
rithm also starts With pixel block (1, 7) and folloWs that 
pixel-block column doWn to block (7, 7). The second data 
processing algorithm then continues by processing the neigh 
boring column (i, 6) from top to bottom. Thus, all pixel-block 
columns are processed from top to bottom until the complete 
video frame has been processed. 

It becomes apparent from the description of FIGS. 1 and 2 
that other combinations of scan orders folloWed by tWo data 
processing algorithms Working on a video frame are possible. 
For instance, the example shoWn in FIG. 1 could be modi?ed 
such that the ?rst data processing algorithm starts in the 
bottom line With the right most pixel-block (7, 7) and folloWs 
a meandering pattern through all pixel blocks of video frame 
100. The second data processing algorithm, Which uses the 
output of the ?rst data processing algorithm, also starts With 
pixel block (7, 7) and folloWs the scan order of the ?rst data 
processing algorithm in the ?rst pixel-block line or -column, 
maintaining this scan order for the folloWing pixel-block lines 
or -columns. 

With reference to FIGS. 1 and 3 to 5 in parallel, an embodi 
ment of the data buffering method and device of the invention 
Will noW be explained. For the folloWing description, it Will 
again be assumed that a motion estimator (ME) processes 
video frame 100, and sequentially provides data structures in 
the form of motion vectors for temporal storage by means of 
the data buffering method and device of the invention. The 
scan order of the motion estimator corresponds to that indi 
cated by arroW line 104 of FIG. 1. Further, it Will be assumed 
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12 
that a motion compensator (MC) reads the motion vectors 
from the data buffering device. The scan order of the motion 
compensator corresponds to that indicated by arroW line 106 
in FIG. 1. It is noted that the data buffering method and device 
of the invention can be operated independently from the par 
ticular nature of the ?rst and second data processing devices 
or algorithms. 

FIG. 3 represents a matrix 300. The structure of matrix 300 
corresponds to that of video frame 100 of FIG. 1. The matrix 
300 is only used for the purpose of visualiZation in the present 
description. FIG. 4a) to 4h) shoW a circular buffer 400 at 
different points in time during the processing of video frame 
100. FIG. 5a) to 5h) shoW the movement of Write pointers 
(FIGS. 5a), 0), e), g)) and read pointers (FIGS. 5b), d),f), h)) 
betWeen different operation stages of circular buffer 400, 
corresponding to different operation stages in relation to 
video frame 100. 

Matrix 300 of FIG. 3 serves to visualiZe the scanning 
process of the ME and MC algorithms in the video frame 100 
at different operation stages, according to the scanning orders 
shoWn by arroW lines 104 and 106. A number of matrix cells 
in matrix 300 is marked by entries of the type R”, Wm, or 
Rn/Wm. These entries indicate Write (W)- or read (R)-opera 
tions performed at different operation stages of the buffer 
device during the processing of video frame 100. A particular 
operation stage is indicated by the subscript index In or n, 
respectively. The higher the subscript index is the later is the 
corresponding operation stage. The arrangement of a particu 
lar entry Wm or R” in a particular matrix cell (i, j) indicates that 
a motion vector allocated to the pixel block having the same 
index pair (i, j) as the matrix cell is Written (W) to the circular 
buffer 400 or read (R) from the circular buffer 400 at the 
operation stage given by the subscript index In or n. The 
entries Wm and Rm are also used in FIGS. 4 and 5 as reference 
signs to Write-pointer and read-pointer values at correspond 
ing stages of operation. 

Equal indices m and n indicate that read- and Write opera 
tions or respective pointer allocation steps are performed at 
the same stage of operation. It is noted that Write- and read 
operations performed at the same stage of operation, i.e., 
concurrently, need not literally be performed at the same 
point in time. Rather, a operation stage can also span a certain 
time interval, during Which one Write and one read operation 
are performed at different points in time. The order of read 
and Write operations during one operation stage of the circu 
lar buffer is not critical. HoWever, in the present embodiment 
of the invention, one read operation R,C and one Write opera 
tion W,C at the same operation stage x are both performed 
before a next Write operation W,6+1 takes place, thus prevent 
ing that a memory cell is overwritten before it has been read. 
The motion estimator provides motion vectors of a given 

bit siZe for temporal storage in circular buffer 400. Circular 
buffer 400 has 8 memory locations, each represented by a 
section of the circular buffer 400 and marked With a corre 
sponding address 1, 2, 3, . . . , 8. Each memory location has a 

storage capacity for one motion vector. The number of 8 
memory locations is chosen here, because there are 7 motion 
vectors provided for each pixel-block line. Generally, the 
number of memory locations of the circular buffer preferably 
exceeds the number of pixel-blocks processed by the motion 
estimator per half a meandering period by one. This Way, 
overWriting of memory locations before read out is avoided 
While keeping the buffer siZe as small as possible. Additional 
memory locations are optional, but not necessary. Their addi 
tion Would require a different pointer allocation pattern com 
pared to that described here. 



US 8,009,174 B2 
13 

In FIGS. 4 and 5, small full circles are draWn into respec 
tive memory locations and represent a pointer position at a 
particular operation stage, Which can be identi?ed by the 
reference sign used in accordance With FIG. 3. In FIG. 5, the 
pointers are connected by spiraling arroW lines 502 to 516 to 
visualiZe the rotational movement of pointer allocation along 
the memory locations of the circular buffer 400. 

FIG. 4a) to h) shoW, distributed over the memory locations 
of the circular buffer 400, the index pairs identifying respec 
tive motion vectors being currently stored in the memory 
locations 1 to 8 and respective current read- and Write-pointer 
values. It is noted that the read- and Write operation stages 
indicated in respective matrix cells of FIG. 3 and the different 
phases of pointer allocation and, thus, buffer operation shoWn 
in FIG. 4a) to h) correspond to each other. 

FIG. 4a) shoWs the state of the circular buffer 400 at a ?rst 
operation stage. The motion vector (1,1) provided by the ME 
algorithm after processing pixel block (1, 1) of video frame 
100 is stored at memory location 1. The other memory loca 
tions 2 to 7 have not been used at this stage. Also, no reading 
access is performed before the ?rst line of motion vectors is 
complete. A Write-pointer W0 is symboliZed by a full circle 
draWn on the outer edge of memory location 1. Generally, the 
position of a full circle marked by a reference sign Wm indi 
cates that a Write pointer currently points to the corresponding 
memory cell, the current operation stage being indicated by 
the index m. The full circles symboliZing pointer positions are 
each connected to an arroW pointing in one of tWo possible 
directions along the outline of the circle representing circular 
buffer 400. These arroWs indicate, to Which memory cell the 
buffer-control unit of circular buffer 400 Will assign the next 
Write pointer. The rotation direction of pointer assignment 
can be either clockWise or counterclockwise With respect to 
the memory locations of the circular buffer, or, in other Words 
toWard higher or loWer address values. According to the 
present invention, the direction of pointer assignment 
changes at Well de?ned operation stages, as Will be described 
beloW. 

FIG. 4b) shoWs the current state of circular buffer 400 at a 
second operation stage. Write pointer W1 is shoWn to point to 
memory location 8. The motion estimator has ?nished pro 
cessing the ?rst pixel-block line, and noW provides the ?rst 
motion vector of the second pixel-block line, Which is allo 
cated to pixel block (2,7). Circular buffer 400 holds the com 
plete ?rst line of motion vectors in memory locations 1 to 7. 
As can be seen from FIG. 5a), the clockWise rotation of the 
Write pointer assignment has continued through the second 
operation stage. A read pointer R1 is shoWn at memory loca 
tion 1. At this second operation stage, the MC algorithm starts 
reading the ?rst line of motion vectors starting With the index 
pair (1, 1), cf. FIGS. 1 and 3. Both pointers Will be rotated 
clockWise in the processing steps to folloW. 

FIG. 5a) shoWs the clockWise rotation of the Write pointer 
from its initial position WO at memory location 1 to the posi 
tion Wl at memory location 8, summarizing the operation 
stages betWeen those shoWn in FIGS. 4a), 4b), and 4c). The 
Write-pointer assignment continues in clockWise direction 
until reaching memory location 7 (pointer W2) a second time. 
At this processing stage, shoWn, in FIG. 40) the motion esti 
mation process has ?nished processing the second pixel 
block line of video frame 300, processing and storing the 
motion vector of pixel-block (3,1), and has started a second 
period of the meandering scan order. At the same time, the 
motion compensator has ?nished processing the motion vec 
tors corresponding to the ?rst pixel-block line (i:1) and reads 
and processes pixel block (2, 1). 
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As can be seen from a comparison of FIGS. 5a) and b) the 

read pointer is initially one memory location ahead of the 
Write pointer in its clockWise rotational movement along the 
memory cells. 

At memory cell 7 the read pointer changes the rotation 
direction, proceeding to memory location 6 With the next step, 
as shoWn by read pointer R2 in FIG. 5b), to continue With 
reading the motion vectors obtained from the pixel-block line 
i:2 in memory locations 6, 5, 4, 3, 2, 1, and 8, cf. FIG. 40). 
With this step, the Write and read pointers cross each other in 
their rotational movement, thus alloWing to immediately 
overWrite memory cell 7 With the motion vector calculated 
from pixel block (3, 1) after the motion compensator has read 
the motion vector of pixel block (1, 7) from the same memory 
location. 

Four Write-pointer assignment phases can thus be identi 
?ed: 
a) A ?rst Write-pointer assignment phase (WO to W1), during 
Which the line index of the provided motion vectors stepWise 
traverses a matrix line of matrix 300 from left to right. Con 
currently, the Write pointer stepWise traverses pointer values 
in clockWise direction. This phase is shoWn in FIGS. 4a) and 
4b), and in FIG. 5a). This phase is again passed in a second 
Write pointer assignment period at a later stage, as shoWn in 
FIGS. 4e) and 4]), and FIG. 5e). 
b) A second Write-pointer assignment phase (Wl to W2), 
during Which the line index of the provided motion vectors 
stepWise traverses a next matrix line from right to left. Con 
currently, the Write pointer stepWise traverses pointer values 
in clockWise rotation direction. This phase is shoWn in FIGS. 
4b) and 4c), and in FIG. 5a). This phase is in part again passed 
in a second Write pointer assignment period, as shoWn in 
FIGS. 4g) and 4h), and in FIG. 5g). 
c) A third Write-pointer assignment phase (W2 to W3), during 
Which the line index of the provided motion vectors stepWise 
traverses a next matrix line from left to right. Concurrently, 
the Write pointer stepWise traverses pointer values in counter 
clockWise direction. This phase is shoWn in FIGS. 40) and 
4d), and in FIG. 50). 
d) A fourth Write-pointer assignment phase (W3 to W4), dur 
ing Which the line index of the provided motion vectors 
traverses a next matrix line from right to left. Concurrently, 
the Write pointer value stepWise traverses pointer values 
counter-clockwise direction. This phase is shoWn in FIGS. 
4d) and 4e), and in FIG. 50). 
One complete Write pointer assignment phase is passed 

betWeen pointers W0 and W4. 
Concurrently, four read-pointer-assignment phases take 

place, Which can be identi?ed as folloWs: 
e) A ?rst read-pointer assignment phase (Rl to R2), Which is 
concurrent With the second Write-pointer assignment phase 
(W 1 to W2), and in Which the read pointer stepWise traverses 
respective current pointer values clockWise direction, having 
a pointer-value offset of one step in the clockWise direction 
over the Write pointer, and changing from the ?rst to the 
second rotation direction in the last assigning step. This phase 
is shoWn in FIGS. 4b) and 4c), and in FIG. 5b). 
f) A second read-pointer assignment phase (R2 to R3), Which 
is concurrent With the third Write-pointer assignment phase 
(W2 to W3), and in Which the read pointer stepWise traverses 
respective current pointer values in counter-clockwise direc 
tion, having a pointer-value offset of one step counter-clock 
Wise rotation direction over the Write pointer. This phase is 
shoWn in FIGS. 40) and 4d), and in FIG. 5d). 
g) A third read-pointer assignment phase (R3 to R4), Which is 
concurrent With the fourth Write-pointer assignment phase 
(W3 to W4), and in Which the read pointer stepWise traverses 
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respective current pointer values in counter-clockwise rota 
tion direction, having a pointer-value offset of one step in 
counter-clockwise rotation direction over the write pointer, 
and changing from to the clockwise rotation direction in the 
last assigning step. This phase is shown in FIGS. 4d) and 4e), 
and in FIG. 5]’). 
h) A fourth read-pointer assignment phase (R4 to R5), which 
is concurrent with the ?rst write-pointer assignment phase of 
a next write-pointer assignment period (W4 to W5), and in 
which the read pointer stepwise traverses respective current 
pointer values in clockwise rotation direction, having a 
pointer-value offset of one step in clockwise rotation direc 
tion over the write pointer. 
When the last motion vector of an image has been written 

the ?nal read-pointer assignment phase is preferably concur 
rent to a ?rst write-pointer assignment phase for a next image. 
That is, the pointer assignment procedure is continued with 
the beginning of a new image. Alternatively, a reset can be 
performed such that the assignment starts with identical 
pointers for all images of a video sequence. However, the 
continuous assignment over several images is simpler and 
thus faster than introducing a reset. 

FIG. 6 shows a block diagram of an embodiment of a data 
buffering device 600 according to the invention. The data 
buffering device has a circular buffer 602 and a buffer-control 
unit 604. A ?rst input section 606 is adapted to sequentially 
receive write requests for storing a two-dimensional array of 
data structures from an external ?rst processing unit, which 
by way of example is assumed to be a motion estimator ME. 
A second input section 608 is adapted to receive read requests 
for data structures stored in circular buffer 602 from a second 
external processing unit, which by way of example is 
assumed to be a motion compensator MC. 

The write and read requests may be received with or with 
out index values from the external processing units. In one 
embodiment, an index pair is provided with a write request, 
and input section 606 is adapted to separately forward the 
index values to the buffer-control unit 604, and the actual data 
structure value to the circular buffer 602. In case no index pair 
is provided by the motion estimator, the input unit 606 is 
additionally adapted to generate an appropriate index pair for 
internal use by the buffer-control unit 608. This second alter 
native is used in a constellation, in which the scan order and 
pixel-block structure of a processed video frame are pre 
de?ned, so that the input unit knows which index values to 
assign to an incoming data structure according to a prede?ned 
assignment rule. 

The buffer-control unit 604 controls write access and read 
access to the circular buffer 602. It receives index values from 
input units 604 and 606. Depending on the current values of 
the index pair (i, j) of an incoming data structure for a write 
request or a read request the buffer-control unit performs the 
periodical write-pointer and read-pointer assignment having 
the four respective pointer assignment phases according to 
the general method set forth above. The pointer assignment 
method can be implemented in hardware or software. 

Based on an assigned write-pointer, the buffer-control unit 
604 addresses a corresponding memory location of buffer 
memory 602 and stores the received motion vector under that 
location. In case of a read request, the buffer-control unit 604 
addresses the corresponding memory location of buffer 
memory 602 after assigning the current read-pointer value. 

In one embodiment, buffer memory 602 forms a section of 
a larger memory. A number of memory locations can be 
allocated for the circular buffer memory, depending on the 
number of data structures to be received per half meandering 
period of the two-dimensional array. Also, the siZe of the 
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memory locations may be variable in dependence on the bit 
siZe of the individual data structures. Buffer-control unit 604 
is adapted to ascertain and allocate the number of memory 
locations necessary for performing the coordinated write- and 
read-pointer assignment according to the embodiment of the 
invention described above, and to manage an appropriate 
number of pointers. Buffer-control unit 604 may also be 
adaptable to different scan orders used by the ?rst and second 
processing units. 

FIG. 7 shows a simpli?ed block diagram of a video pro 
cessing device 700 forming an embodiment of the data pro 
cessing device of the invention. The video processing device 
700 is a picture-rate up-converter, and will be referred to in 
short as an up-conver‘ter in the following. Such devices are for 
instance used in the ?eld of consumer electronics for convert 
ing different video scanning formats into each other for dis 
play by a television (TV) set, as set forth in the introductory 
section of the present speci?cation. By way of example, an 
up-converter may create intermediate ?elds containing addi 
tional movement phases between ?elds of a TV transmission 
of 50 ?elds per second for a TV set supporting a ?eld rate of 
100 ?elds per second. 
The block diagram of FIG. 7 shows only functional blocks 

of video processing device 700, which are related to the 
present invention. Typically, the video processing device 700 
is implemented in hardware, for instance on silicon as an 
integrated circuit. A software implementation is also pos 
sible, but slow in performance and therefore not preferred for 
use in consumer electronics devices. 
Two processing units are provided, a motion estimator 702 

and a motion compensator 704. Motion estimator 702 per 
forms a motion estimation algorithm. Motion estimation 
algorithms are known in the art. Motion estimator 702 is 
adapted to perform a block-matching algorithm, which 
divides an image into pixel-blocks and assigns to every pixel 
block a motion vector. Preferably, a well-known three-dimen 
sional recursive search (3DRS) algorithm is used. 

Pixel-blocks of two successive images, ?elds or video 
frames are obtained from an external memory through a high 
level (L1) cache memory 706 and a low-level (L0) cache 
memory 708, each containing two sections 706.1, 706.2, and 
708.1, 708.2 for a respective one of the successive images. A 
L0 cache memory 708 holds a complete sliding search area of 
each of the two successive images, each search area forming 
a subarray of the respective image and surrounding a cur 
rently processed pixel-block. The content of L0 cache 
memory 708 is updated with every processed pixel-block 
through L1 cache memory 706, which typically holds a 
region of each of the successive images, a region containing 
several pixel-block lines and covering a number of consecu 
tive search areas. 

Motion estimator 702 provides motion vectors at its output 
according to a meandering scan order, as explained earlier 
with reference to FIGS. 1 to 5. The motion vectors are buff 
ered in data buffer 600, which was described in closer detail 
with reference to FIG. 6. Motion compensator 704 reads 
motion vectors from the data buffer 600 for generating inter 
mediate images. 

For video sequences having the Standard De?nition (SD) 
format, the search area typically has a height of 5 block-lines. 
The overhead memory needed to address the different scan 
ning direction for the motion estimator 702 independent of 
the motion-compensation scan direction, is one pixel-block 
line plus one pixel-block, cf. the example set forth with ref 
erence to FIGS. 3 to 5. In practice, therefore, 7 block-lines are 
needed for a SD sequence in the L1 cache memory 708 for 
shared access by the motion estimator 702 and the motion 
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compensator 704. The data buffering according to the inven 
tion therefore minimizes this overhead and allows reducing 
the size of the L1 cache memory compared to prior solutions. 

The invention claimed is: 
1. A data buffering device, comprising: 
an input unit adapted to sequentially receive a tWo-dimen 

sional array of data structures organized by an index pair 
(i,j) With a ?rst index (i) stepWise traversing ?rst-index 
values from a ?rst-index value set in a meandering man 
ner de?ned by a ?rst and a second meandering direction, 

a circular buffer memory having a predetermined number 
of memory locations addressable by means of an 
ordered set of pointer values, 

and a buffer-control unit, Which is connected to the circular 
buffer memory and to the input unit, and Which is 
adapted to assign to an index pair (i,j) of a current incom 
ing data structure a Write-pointer value from the pointer 
value set in a periodical manner and to Write the current 
incoming data structure to the corresponding memory 
location, one Write-pointer assignment period having 

a ?rst Write-pointer assignment phase, during Which the 
?rst index (i) stepWise traverses the ?rst index-value set 
in the ?rst meandering direction, and the Write-pointer 
value stepWise traverses Write-pointer values in a ?rst 
rotation direction de?ned Within the pointer-value set, 

a second Write-pointer assignment phase, during Which the 
?rst index value (j) stepWise traverses the ?rst index 
value set in the second meandering direction, and the 
Write-pointer value stepWise traverses Write-pointer val 
ues in the ?rst rotation direction, 

a third Write-pointer assignment phase, during Which the 
?rst index (i) stepwise traverses the ?rst index-value set 
in the ?rst meandering direction, and the Write-pointer 
value stepWise traverses Write-pointer values in a second 
rotation direction opposite to the ?rst rotation direction, 
and 

a fourth Write-pointer assignment phase, during Which the 
?rst index value (j) stepWise traverses the ?rst index 
value set in the second meandering direction, and the 
Write pointer value stepWise traverses Write-pointer val 
ues in the second rotation direction. 

2. The data buffering device of claim 1, Wherein the buffer 
control unit is adapted to receive read requests to the circular 
buffer memory for data structures of the tWo-dimensional 
array according to a non-meandering read pattern, such that 
the ?rst index repeatedly traverses the ?rst index-value set in 
a ?xed read direction. 

3. The data buffering device of claim 2, Wherein the buffer 
control unit is adapted to assign a read-pointer value to each 
index pair (i,j) of a data structure, to Which a read request is 
directed, the read-pointer value being equal to the Write 
pointer value assigned to the respective index pair (i,j) at the 
time of storing the corresponding data structure to the circular 
buffer memory. 

4. The data buffering device of claim 3, Wherein the num 
ber of addressable memory locations of the circular-buffer 
memory exceeds the number of ?rst-index values by one, and 

Wherein the buffer-control unit is adapted to assign to an 
index pair (i,j) of a current incoming read request a 
read-pointer value from the pointer-value set in a peri 
odical manner, one read-pointer-assignment period hav 
ing 

a ?rst read-pointer assignment phase, Which is concurrent 
With the second Write-pointer assignment phase, and in 
Which the read-pointer value stepWise traverses read 
pointer values in the ?rst rotation direction, having a 
pointer-value offset of one step in the ?rst rotation direc 
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18 
tion over the Write-pointer value, and changing from the 
?rst to the second rotation direction in the last assigning 
step, 

a second read-pointer assignment phase, Which is concur 
rent With the third Write-pointer assignment phase, and 
in Which the read-pointer value stepWise traverses read 
pointer values in the second rotation direction, having a 
pointer-value offset of one step in the second rotation 
direction over the Write-pointer value, 

a third read-pointer assignment phase, Which is concurrent 
With the fourth Write-pointer assignment phase, and in 
Which the read-pointer value stepWise traverses read 
pointer values in the second rotation direction, having a 
pointer-value offset of one step in the second rotation 
direction over the Write-pointer value, and changing 
from the second to the ?rst rotation direction in the last 
assigning step, and 

a fourth read-pointer assignment phase, Which is concur 
rent With the ?rst Write-pointer assignment phase of a 
next Write-pointer assignment period, and in Which the 
read-pointer value stepWise traverses pointer read 
pointer values in the ?rst rotation direction, having a 
pointer-value offset of one step in the ?rst rotation direc 
tion over the Write-pointer value. 

5. A data processing device, comprising a ?rst processing 
unit adapted to provide a tWo-dimensional array of data struc 
tures organized by tWo indices (i,j), each index taking on 
index values from a respective ordered index-value set, 
Wherein With each provided data structure a ?rst index (i) 
stepWise traverses ?rst-index values from a ?rst index-value 
set in a meandering manner de?ned by a ?rst and a second 
meandering direction, and, connected to the ?rst processing 
unit, a data buffering device according to claim 1. 

6. The data processing device of claim 5, comprising a 
second processing unit, Which is connected to the data buff 
ering device and adapted to sequentially provide read 
requests to the circular-buffer memory for data structures of 
the tWo-dimensional array according to a non-meandering 
read pattern, such that the ?rst index (i) repeatedly traverses 
the ?rst index-value set in a ?xed read direction. 

7. The data processing device of claim 5, Wherein the ?rst 
processing unit is adapted to perform a motion estimation 
algorithm, sequentially providing to the circular buffer 
memory a tWo-dimensional array of motion vectors allocated 
to a corresponding tWo-dimensional array of pixel-data 
blocks, Which form subarrays of a video image. 

8. The data processing device of claim 7, Wherein the ?rst 
processing unit is adapted to provide the tWo-dimensional 
array of motion vectors in a horizontally meandering order, 
traversing a ?rst line of the array in a ?rst meandering direc 
tion, a folloWing line of the array in the second meandering 
direction, and a next folloWing line in the ?rst meandering 
direction. 

9. The data processing device of claim 7, Wherein the 
second processing unit is adapted to perform a motion com 
pensation algorithm and to sequentially read the tWo-dimen 
sional array of motion vectors from the circular buffer 
memory. 

10. The data processing device of claim 9, comprising a 
loW-level cache memory connected to the ?rst processing unit 
and adapted to hold a current sliding search area, Which is 
allocated to a respective pixel-block and forms a subarray of 
the tWo-dimensional array of pixel-data blocks. 

11. The data processing device of claim 10, comprising a 
high-level cache memory, Which is connected to the loW-level 
cache memory and connectable to an external memory and 
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Which is adapted to hold a region of the tWo-dimensional 
array of pixel-data blocks extending over a number of con 
secutive sliding search areas. 

12. The data processing device of claim 9, Wherein the 
second processing unit is adapted to read the tWo-dimen 
sional array of motion vectors line-by-line, and each line from 
left to right. 

13. A data buffering method, comprising the steps of 
receiving a tWo-dimensional array of data structures orga 

niZed by tWo indices (i,j), each index taking on index 
values from a respective ordered index-value set, 
Wherein With each provided data structure a ?rst index 
(i) stepWise traverses ?rst-index values from a ?rst 
index-value set in a meandering manner de?ned by a 
?rst and a second meandering direction, the data pro 
cessing method comprising the steps of 

sequentially storing the data structures received to a circu 
lar buffer memory having a predetermined number of 
memory locations addressable by means of an ordered 
set of pointer values, 

assigning, in a periodical manner, a Write-pointer value 
from the pointer-value set to an index pair of a respective 
received data structure, one Write-pointer assignment 
period having 

a ?rst Write-pointer assignment phase, during Which the 
?rst index (i) stepWise traverses the ?rst index-value set 
in the ?rst meandering direction, and the Write-pointer 
value stepWise traverses Write-pointer values in a ?rst 
rotation direction de?ned Within the pointer-value set, 

a second Write-pointer assignment phase, during Which the 
?rst index value (j) changes in the second meandering 
direction, and the Write-pointer value stepWise traverses 
Write-pointer values in the ?rst rotation direction, 

a third Write-pointer assignment phase, during Which the 
?rst index (i) stepWise traverses the ?rst index-value set 
in the ?rst meandering direction, and the Write-pointer 
value stepWise traverses Write-pointer values in a second 
rotation direction opposite to the ?rst rotation direction, 
and 

a fourth Write-pointer assignment phase, during Which the 
?rst index value (j) changes in the second meandering 
direction, and the Write-pointer value stepWise traverses 
Write-pointer values in the second rotation direction. 

14. A data processing method, Wherein a ?rst process pro 
vides a tWo-dimensional array of data structures organiZed by 
tWo indices (i,j), each index taking on index values from a 
respective ordered index-value set, Wherein With each pro 
vided data structure a ?rst index (i) stepWise traverses ?rst 
index values from a ?rst index-value set in a meandering 
manner de?ned by a ?rst and a second meandering direction, 
and Wherein a data buffering method according to claim 13 is 
performed. 

15. The data processing method of claim 14, Wherein a 
second process sequentially provides read requests to the 
circular-buffer memory for data structures of the tWo -dimen 
sional array according to a non-meandering read pattern, such 
that the ?rst index (i) repeatedly traverses the ?rst index-value 
set in a ?xed read direction. 

16. The data processing method of claim 15, Wherein the 
number of addressable memory locations of the circular 
buffer memory exceeds the number of ?rst-index values by 
one, and comprising the steps of 

assigning to an index pair (i, j) of a current incoming read 
request to the circular buffer memory a read-pointer 
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value from the pointer-value set in a periodical manner, 
one read-pointer-assignment period having 

a ?rst read-pointer assignment phase, Which is concurrent 
With the second Write-pointer assignment phase, and in 
Which the read-pointer value stepWise traverses read 
pointer values in the ?rst rotation direction, having a 
pointer-value offset of one step in the ?rst rotation direc 
tion over the Write-pointer value, and changing from the 
?rst to the second rotation direction in the last assigning 
step, 

a second read-pointer assignment phase, Which is concur 
rent With the third Write-pointer assignment phase, and 
in Which the read-pointer value stepWise traverses read 
pointer values in the second rotation direction, having a 
pointer-value offset of one step in the second rotation 
direction over the Write-pointer value, 

a third read-pointer assignment phase, Which is concurrent 
With the fourth Write-pointer assignment phase, and in 
Which the read-pointer value stepWise traverses read 
pointer values in the second rotation direction, having a 
pointer-value offset of one step in the second rotation 
direction over the Write-pointer value, and changing 
from the second to the ?rst rotation direction in the last 
assigning step, and 

a fourth read-pointer assignment phase, Which is concur 
rent With the ?rst Write-pointer assignment phase of a 
next Write-pointer assignment period, and in Which the 
read-pointer value stepWise traverses read-pointer val 
ues in the ?rst rotation direction, having a pointer-value 
offset of one step in the ?rst rotation direction over the 
Write-pointer value. 

17. The data processing method of claim 15, comprising 
the steps of 

maintaining a pointer-allocation table, Which allocates to 
each index pair (i,j) corresponding to a data structure 
currently stored in the circular-buffer memory the 
respective pointer value, Which Was assigned to the 
index pair as the Write-pointer value, 

look up the respective pointer value allocated to a respec 
tive index pair contained in a current read request in the 
pointer-allocation table, 

direct the read request to the memory location having the 
respective pointer value, 

provide the data structure stored in the respective memory 
location to the second processing section. 

18. The data processing method of claim 15, Wherein the 
?rst process is a motion estimation algorithm, sequentially 
providing to the circular buffer memory a tWo-dimensional 
array of motion vectors allocated to a corresponding tWo 
dimensional array of pixel-data blocks, Which form subarrays 
of a video image. 

19. The data processing method of claim 15, Wherein the 
?rst process provides the tWo-dimensional array of motion 
vectors in a horizontally meandering order, traversing a ?rst 
line of the array in a ?rst meandering direction, a folloWing 
line of the array in the second meandering direction, and a 
next folloWing line in the ?rst meandering direction. 

20. The data processing method of claim 15, Wherein the 
second process performs a motion compensation algorithm 
and sequentially reads the tWo-dimensional array of motion 
vectors from the circular buffer memory. 

21. The data processing method of claim 15, Wherein the 
second process reads the tWo-dimensional array of motion 
vectors line-by-line, and each line from left to right. 

* * * * * 


